Abstract. Adsorption has been known as the most acceptable method for removal of refractory compounds in textile waste water treatment. Owing to its ability in terms of physical and chemical sorption, a wide range of precursors origin from natural resources, synthesized materials and agricultural wastes as the starting materials for adsorbents purpose have been tested via adsorption technique. Over the years, scientists have begun searching for a sustainable replacement of the conventional adsorbents due to expensiveness, poor mechanical properties and limited applications. Lately, focus has been paid on the potential of locally available materials, inexpensive, easier to obtain, good mechanical properties and high adsorption capacities that can be converted into adsorbent. The present article highlights recent developments of textile waste water treatment by adsorption process. A critical discussion with regard to textile waste water characteristics, textile operation and adsorption by various adsorbent were also included in this review.
INTRODUCTION
Rapid expansion in industrial activities and exponentially increasing of development activities always causes severe impacts to the environmental receptors just to meet of global demand. The quest for inherent water consumption, land utilization and energy procurement has triggered imbalance of ecological sensitive areas. This phenomenon is inevitable because a national development is dependent on the sensible consumption of available resources to foster the country's unity for peaceful coexistence. Indeed, water is the most basic requirement in order to sustain earth ecological process. However, deteriorating quality of clean water source has become a major concern because clean and hygienic water source is the only way to ensure healthy lives of human being and ecosystem longevity.
The astronomical increase in world population, modern industrialization and civilization, domestic and agricultural activities and other geological, environmental and global changes are responsible for water pollution (Ali, 2010) . Accordingly, the major industrial activity that consumes large amount of water is the textile industry. Textile industry involves various operations and activities by which, different amount of water, chemicals, solvents and surfactant are used in order to produce high quality fabrics (Syeda et al., 2012) . With the increasing demands of textile products, the generation of highly polluted textile waste water was also increasing exponentially (dos Santos et al., 2007) . Zaharia and Suteu (2012) reported that the textile industry is a high consumer of water mainly as process water (90-94 %), and cooling water (6-10 %) and finally loaded with different pollutants: dyes, surfactants, acids or bases, salts, heavy metals, and suspended solids. Consequently, the generation of textile waste water is very difficult to treat considering vigorous types of substances emitted from these processes. Although textile dyes contribute only a small portion of the total volume of discharged wastewater, it makes the water deeply colored. Heavy metals, dyes, color, organic and inorganic pollutants are the common pollutants present in textile waste water streams and largely influenced on the textile operation regimes.
These pollutants, if not properly treated are responsible for introducing hazards into the receiving water bodies including aquatic lives, human beings and ecosystem stability. Many reports have discussed in details about the hazards of improper treatment of textile waste water ancillaries to human beings. It has been a major talking point where a long term exposure of the hazardous substances could result in becoming a cancer promoter, acute toxicity, skin diseases, allergenic and mutagenic (Akar et al., 2008 , Binupriya et al., 2007 , Firmino et al., 2010 , Gnanapragasam et al., 2010 , Gomaa et al., 2012 .
Generally, textile industries utilize various kinds of commercial dye stuff including anionic, cationic, basic, reactive and non ionic dyes that are present in textile waste water. Apart from that, various toxic chemicals such as agents, sizing, wetting, softening, anti-felting, and finishing agent, wetting agents, biocides, carriers, halogenated benzene, surfactants, pesticides are type of auxiliaries' chemicals are commonly used in wet processing activities which are known for their potential toxicity and poor biodegradability. The primary concern of untreated spent dye is aesthetically unpleasant as well as harmful for aquatic life .
According to Syeda et al. (2012) , the concentration of unused dyes in the waste water depends on the nature of the dye and dying process. Inefficient dying process may lead to 10-25% of all dye stuffs lost directly to the wastewater. Latif et al. (2011) claimed that reactive dyes are soluble anionic dyes that mostly contain one or more reactive groups which are capable of forming covalent bond. The bond was capable to react with the hydroxyl groups in the fiber and unsuitable for recycling. Apart from spent dyes, Sarayu and Sandhya (2012) reported that the waste water generated from the textile industry are associated with the final products characteristics, quality origin of the raw material and dye-auxiliaries chemicals. Interestingly, many reports have established extensive characteristics of textile waste water emitted as a result from textile activities (Badani et al., 2005 , Jovančić and Radetić, 2008 , Lau and Ismail, 2009 . Considering both the volume generated and the waste water composition, the textile industry wastewater is rated as the most polluting amongst all industrial sectors (Sandhya et al., 2008) .
Textile operation and its waste water
Typically, a common process of textile manufacturing activity includes spinning, weaving, mercerizing, dyeing, bleaching and finishing. In order to implement an ideal treatment process, it is therefore necessitates to understand the actual nature of these processes and its emission. The explanation of each of the common process involved and byproducts emitted from these activities are summarized in Table 1 . A usual textile operation can vary from day to day and may be even several times a day based on fabrics desired to be produced and batch wise nature process. Therefore, frequent changes in these processes cause considerable variation in the waste water characteristics particularly pH, 5-day biological oxygen demand (BOD 5 ), chemical oxygen demand (COD) and color. Table 2 shows major characteristics of textile waste water. The most obvious source of pollution among various processes stages are pretreatment which include singeing, desizing, scouring, bleaching and mercerizing in order to produce fabric for further process.
Generally, desizing involves all the sizes used in weaving are removed from the fabric and discarded into the waste water. Sizing agents such as ammonia, enzymes, starch and waxes are the common chemicals used in this process (dos Santos et al., 2007) . Ren (2000) reported that highest BOD 5 (>50%) were accounted when associates desizing chemicals were withdrawn at desizing stage compared to other steps. Sarayu and Sandhya (2012) whereas reported that once the sizing process has completed, the waste water was highly loaded with water-soluble sizes, synthetic sizes, lubricants, biocides, and antistatic solvents. These chemicals are mainly utilized in the sizing process in order to acquire wrapped yarn. In scouring, impurities, oil, waxes from fibers are removed from the fabrics and washed into waste water stream. At this point, a high temperature of waste water is commonly exerted (Wu and Chang, 2003) because of strong alkali consumption to breakdown and emulsifies natural oils. The common types of alkalis are sodium hydroxide and surfactants whereby high consumption of these chemicals contributes to high organic loads emitted in the waste water streams. Apart from this, sodium-hexa-meta-phosphate, as a chelating agent, together with the sandopan, used as both non-ionic detergent and wetting agent during the scouring process (Ibrahim et al., 2008) . Bleaching process normally utilizes bleaching agent such as sodium hypochlorite and hydrogen peroxide to remove unwanted colors and decolorizes the colored impurities that are not removed by scouring. Due to environmental concerns, sodium hypochlorite and sodium chlorite are not in favor because incomplete rinse during bleaching will slowly degrading fibers of the fabrics and reduces it lasts. In contrast, bleaching of cotton based fabrics with hydrogen peroxide requires alkaline medium (normally NaOH), stabilizer and either high temperatures or long treatment times (Abou-Okeil et al., 2010) .
The most anticipated process of textile fabrics is in the dyeing stage. Textiles are dyed by a wide range of dyestuff, techniques and equipment. They usually requires large amount of water to impart color on to fabrics surfaces' in the dyebath. Typically, there are two types of dyeing method which are batch and continuous. In the continuous technique, fabric is fed into a dyebath containing dyestuff solution and squeezed through a set of padder. The padded fabric was then immersed with dye fixation either with heat or chemical treatment based on dye selection. In batch technique, a known quantity of fabric is loaded into dyeing machine with a solution containing dyes and chemicals. The dye molecules leave the solution and enter the fabric due to affinity to the fiber (Dhas, 2008) . Accordingly, dyeing and rinsing processing contributes about 91-129 m 3 of waste water per ton of product whereby it higher generation of waste water can be observed when reactive and direct dyes are being used in the dyeing process which accounted about 113-151 m 3 per ton of product (Riera-Torres et al., 2010) . In addition, utilizing disperse dyes during dyeing process have caused higher percentage of fixation on the fibers as compared to acid and reactive dyes (Verma et al., 2012) . The final stage of textile fabrics manufacturing is the finishing process. A common process of finishing utilizes chemicals such as resins, softeners, stiffeners and auxiliaries to penetrate special properties onto the fabric surfaces.
Apart from that, since finishing process utilizes various types of chemicals, its wastewater can be characterized as chemically intensive and highly colored containing the unfixed dyes (Kurt et al., 2012) . Considering the adverse impacts of untreated textile waste water to the environment, therefore this article aims to discuss the current developments of textile waste water treatment associated with it characteristics, treatment available and precursors used in adsorbent. In addition, the latest updates of composite-based adsorbents are also included in the discussions which emphasizes in depth about the materials selection and techniques applied in adsorption process, respectively. 
Textile waste water treatment by adsorption process
Over the years, various physical and chemical treatment processes have been used by numerous researchers to remediate textile waste water. Normally, selection of ideal treatment system is dependent on the characteristics of the textile waste water generated and the ability of the textile operator to equip their treatment facilities based on economic evaluation and effectiveness of the proposed system. In general, every treatment option has their advantages and drawbacks. Biological treatment for instance is capable to render the concentration of organic compound that presence in the waste water. In addition, the low cost implications and environmentally safe techniques have been seen as the main option for the treatment method (Khelifi et al., 2008 , Balamurugan et al., 2011 , Ulson de Souza et al., 2008 .
However, a few biological treatment option namely aerobic processes were inefficient to degrade most of azo dyes (Işık and Sponza, 2008) . To make it worse, previous studies reported that direct anaerobic process would easily transformed it into aromatic amine. However, these aromatic amines were mostly resists and inhibit further the anaerobic degradation process (Chung and Stevens, 1993) . Incomplete destruction of organic compound during biological treatment has caused the transfer of the dye onto biomass via adsorption (Gomaa et al., 2012) . On the other hand, physical-chemical process has been shown as a promising technique which allows almost complete removal of organic and inorganic pollutants in textile waste water. However, these techniques are only effective and economic when the solute concentrations of the textile waste water are relatively high. Table 3 summarizes some of the available techniques of physical-chemical process in terms of advantages and drawbacks by Robinson et al. (2001) . From the table, it shows that although physicalchemical process is viable for the remediation of textile waste water pollution, ultimate removal could not be achieved via stand alone method as single process is only capable to treat selected type of pollutants such as dyes. Among physical-chemical process, adsorption has widely received significant attention over the years due to its vast advantages in terms of operational, technicality and feasibility (Zhu et al., 2011b . Principally, adsorption is a process by which a substance is transferred from a liquid state to the surface of a solid compound and bound by either physically or chemically reactions. In general, adsorption of textile waste water laden with concentrated color mainly occurs based on the affinity of various dyes to interact with adsorbent by physical and chemical factors such as surface area, particle size, temperature, pH and contact time (Patel and Vashi, 2010) . According to Sharma et al. (2011) , depending on the nature of the interactions between ionic species and molecular species carrying functional group, the reactions may be held to the surface though electrostatic attraction to sites of opposite charge at the surface of physiorbed due to van der Waals forces or chemisorptions by strong adsorbent-adsorbate bonding. Besides, Singh and Arora (2011) reported that high adsorption occurs with basic and direct dyes which are usually have higher relative molecular mass and high to medium for disperse dyes which are hydrophobic in character. According to Jovančić and Radetić (2008) , adsorptive separation in adsorption process normally occurs in three mechanisms which are steric, kinetic, or equilibrium effect. Steric effect occurs when only small and a properly shaped molecule diffuses into the sorbent whereas other molecules are totally excluded.
In contrast, kinetic separation is achieved of the difference in diffusion rates of different molecules., the equilibrium separation occurs based on the selection of targeted molecule that is to be adsorbed mainly polarizability, magnetic susceptibility, permanent dipole moment and quadrupole moment. Historically, activated carbon has been long recognizes as one of the most versatile adsorbent to treat textile waste water. Owing to its advantages in terms of highly porous structure and relatively larger surface area, activated carbon shows higher efficiency for the adsorption of low molecular weight compounds and larger molecules (Sharma et al., 2011) . Activated carbon is the oldest known adsorbent and usually prepared either by physical or chemical activation. The source of the precursor of commercial activated carbon could be from coal, coconut shell, lignite, woods (Gupta and Suhas, 2009 ) whereby almost any carbonaceous material may be used as precursor for the preparation of carbon adsorbents (Demirbas, 2009) . Although activated carbon is a preferred means for adsorption process, the high cost and complex preparation limit its use in treatment process because it is usually derived from natural materials such as bituminous coal, lignite and petroleum coke which would increase the overall production cost (Gupta and Suhas, 2009 ). Furthermore, according to Singh and Arora (2011) , activated carbons are difficult to separate from the solution and have been discarded with the process sludge after use in water and wastewater treatment, resulting in secondary pollution.
Many reports have investigated the potential in employing wide range of alternative adsorbents for the adsorption of textile waste water either from industrial byproducts, mineral deposits and agricultural wastes as the replacement of commercially expensive activated carbon. The search for an alternative adsorbent is motivated by their abundance, inexpensive, require little processing and very effective in textile waste water treatment. Consequently, researchers have conducted numerous attempts to come out with a new and novel adsorbent which has superior performance in terms of higher adsorption capacity, larger surface area and improved mechanical stability of the adsorbent. Table 4 summarizes some of the major works pertaining to the preparation and performance of alternative adsorbent in textile waste water treatment. Because extensive reports have been published on the efficiency of alternative adsorbents over the years, the aim of this article is to highlight recent but major breakthroughs in research and development of the latter in terms of precursors selection, pollutants studied and removal rate of the adsorbents between 2010 to 2012.
Development of composite based adsorbent
While many attempts have been made to successfully developed a high performance adsorbent for a wide range of pollutants removal in aqueous or real waste water, attention has been paid to synthesis an adsorbent which comprises of different properties of single adsorbent with other compound such as zeolite, fly ash, activated carbon, bentonite, polymeric isomers, chitosan, montmorrillonite, activated clay, and other mineral based precursors. The main objectives of the composite adsorbent are to enhance the uptake of various pollutants in textile waste water with high hydrophobic and hydrophilic attributes with improved mechanical stability and chemical resistant. However, these materials require some modification and shaping process for laboratory and industrial purposes (Leboda et al., 2006) . Accordingly, the employment of various types of mineral had proven the possibilities use of various mineral and carbon substances to produce complex sorbents and hybrid materials (Szychowski and Pacewska, 2012) . Most of the time, mineral carbon based adsorbents receives special attentions because they have mosaic character that can adsorb both organic and inorganic substances (Leboda et al., 2006) .
The earliest discussion about the carbon-mineral adsorbent was reported by Leboda (1992) . In his report, he summarized that among the methods of preparation, mechanical mixing, incorporation, carburization of organic substances bonded either by chemically or physically with the surface of mineral adsorbent, as well as deposition of the carbon on catalyst and adsorbent surfaces during different adsorption and catalysis processes were could be realized. From there, authors began to exploreand investigate various type of precursors for the development of composite based adsorbent. Putyera et al. (1994) investigated the properties of montmorillonite and hydrotalcite matrices by nitrogen adsorption isotherm and inverse gas chromatography; they concluded that adsorption capacity per unit mass of these composite adsorbents was larger in the case of hydrotalcite than in montmorillonite-based materials. In other studies, Yanagisawa et al. (2010) conducted an experiment of the magnesium and coconut shell activated carbon composite to remove heavy metals ions in aqueous solution. They concluded that the magnesium composite adsorbed greater amount of amount of Zn(II) and Cd(II) ions than the no magnesium counterpart. It was further concluded that loaded magnesium was estimated to be combined with carbon surface via oxygen bridge.
Meanwhile, Ai and Jiang (2010) investigated fast removal of dyes by AC/ferrospinel composite. They found that adsorption of Methyl orange (MO) and basif fuchsin (BF) followed the Langmuir model whereas the adsorption capacities were 95.8 and 101.0 mg/g for MO and BF. Sandeman et al. (2011) carried out a comparison on activated carbon, PVA hydrogels, and PVA/AC composite towards cationic methylene blue (MB), anionic methyl orange (MO), and Congo red (CR) removal from aqueous. They claimed that the interactions with the ACs or PVA/AC composites were dependent on the properties of the dyes themselves (size, symmetry, charge sign, and value) and on the nature of the AC or PVA/AC surface available for adsorption, and its structural and textural characteristics. Yang et al. (2008) synthesized magnetic Fe 3 O 4 -activated carbon from rice husk. When they tested the adsorption capabilities of the prepared media towards Methylene Bue (MB) from aqueous, the found out that the maximum adsorption capacities was 321 mg/g with the composite having a relatively large pore diameter of 3.1 nm, high surface area of 770 m 2 /g with 23 wt.% F Fe 3 O 4 . In contrast, when Zhu et al. (2011a) employed magnetic cellulose/Fe 3 O 4 /activated carbon composite, the maximum removal of Congo red from aqueous was obtained at 66.09 mg/g due to super paramagnetism phenomenon. In other investigation, developed a magnetic carbon-iron oxide derived from the coconut shell. From the statistical model approach, the found that, the optimum conditions were achieved at concentration 240 mg/l; temperature 50°C; pH 8.50; dose 1 g/l, whereby the maximum adsorption capacities of crystal violet (CV) was obtained at 81.70 mg/g based on Langmuir model. Apart from that, numerous studies have proposed a variety of adsorbent materials for the removal of a wide range of pollutants from textile waste water. Accordingly, this article highlights current development of compositebased materials towards the adsorption of various textile waste water pollutants mostly in aqueous system. While many techniques are possible to synthesize the individual precursor into composite based materials, the majority of the works remain optimistic about the advantages of composite based materials because of vast advantages it can contribute in the adsorption in liquid-phase system. Table 5 summarizes recent development of composite materials for the removal of textile ancillaries' waste water which emphasizes on the techniques applied and adsorption capacities of the media.
CONCLUSION
From the literature reviewed, it has been revealed that adsorption process is undoubtedly the most acceptable technique for purification process in textile waste water. However, the applications of adsorption process in large scale operation still remain a major challenge for industrial players to apply. While extensive efforts are on by scientists to come up with various kinds of adsorbents for commercial use, only a few of them have been commercialized and used by industrial operators. Therefore, the applicability of the adsorbent products should be encouraged in the actual waste water streams via adsorption and therefore the operational of these products will be more reliable and marketable. 
